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Abstra
In Microprocessor based protective relays provide engineering technology and applied engineering programs an opportunity to expose students to real world applications involving power system analysis and design, Boolean algebra programming, and hardware design and specification. Further, students need to be able to understand the testing methodologies required for verifying proper relay operation.
The University of Maine's Electrical Engineering Technology (EET) program recognized the need to prepare students to be able to select, configure, program, install, and test these microprocessor based relays. The EET program obtained some Schweitzer Engineering Laboratories (SEL) microprocessor based relays to provide a platform for relay programming. In addition, the EET program obtained and Omicron CMC 356 relay test and commissioning tool to verify proper relay programming and calibration.
Relay Configuration
The relays obtained by the EET program are SEL 300 series relays. These relays provide multifunction protection. In addition, the relays provide areas to customize relay operation. These relays use Boolean algebra to permit programming. Further, the relays have analog and digital I/O, push buttons, and LEDs to allow external interfacing with the relays.
Multi-function protection generally consists of monitoring currents and voltages to determine if out of tolerance conditions exists. For example, a utility would configure a relay to provide instantaneous or time overcurrent protection. It is necessary to monitor to the current so the relay must be equipped with inputs necessary to accurately convert the analog current signals to digital signals. The SEL relays used have a nominal 5amp current rating but can monitor up to 100amps. The relays also have inputs to monitor voltage (potential). This is also required to detect over and undervoltage conditions that may damage equipment. The SEL relays used have a nominal 200V rating but can be configured to identify another rated voltage. coordination utilizing additional inputs. The added inputs provide polarizing quantities so that the relay can determine actual direction.
Lab 6
The final lab developed includes testing of the settings students developed. This requires also verifying the directional element. Students will develop multiple test points and verify proper operation.
Industry Support and Feedback
The utility industry has been extremely supportive of the relay lab. They have provided funds to purchase various equipment to expand the lab. Further, industry personnel have been used to teach additional items that is normally not covered. This gives students an opportunity to see how their designs can be incorporated into utility systems.
The major benefit to industry is that students are equipped with the skills necessary to be immediately productive in the utility and consulting industries. They have a great deal of familiarity and exposure to the typical activities associated with substation design and automation. Industry personnel have indicated that our students are well prepared and effective.
Future Lab Plans
Additional devices will be added to the lab to enhance student learning. One element will be the addition of a distance relay. The distance relay measures both voltage and current to determine circuit impedance. If the impedance is too low, the relay initiates a trip. Additional topics include load encroachment to account for heavy circuit loading.
Added labs will also include communications. There is an additional course being developed that will focus on relay communications and the lab will be an integral part of that course.
Finally, additional equipment manufacturers will be incorporated into the lab. It is important for students to understand some of the challenges of integrating various manufacturers into a system.
Conclusion
This paper described the relay lab developed at the University of Maine. It describes the numerous learning opportunities associated with protective relay specification, design, and testing. It identified the steps necessary to develop a lab including support equipment. Finally, it discusses future plans to expand the lab and lab capabilities.
